This fuel ethanol study examined the effects of Saccharomyces cerevisiae inoculum size on solid-phase fermentation of fodder beet pulp. A 5% inoculum (wt/wt) resulted in rapid yeast and ethanol (9.1% [vol/vol]) production. Higher inocula showed no advantages. Lower inocula resulted in lowered final yeast populations and increased fermentation times.
During conventional submerged fermentation of corn and other grains, fermentation is generally initiated by the addition of a quantity of yeast inoculum broth equal to 1 to 3% (wt/wt) of the saccharified mash (5, 12, 14, 15) . This results in initial yeast concentrations ranging from 2 x 105 to 5 X 106 cells per g (3-5, 11, 15) . During the typical 48 to 96 h of fermentation which follow, the yeast population increases in most cases to 5 x 107 to 5 x 108 cells per g, and ethanol concentrations rise to 8 to 12% (vol/vol) (2-5, 11, 15) .
Solid-phase fermentation of pulpy feedstocks such as sweet sorghum and fodder beets may require a somewhat higher inoculum to ensure thorough yeast cell distribution on the pulp (7, 8 All inocula of Saccharomyces cerevisiae NRRL Y-2034, the yeast used in this study, were prepared on 4% glucose-0.4% neopeptone (Difco Laboratories) (6) . Fodder beets (Beta vulgaris, cv. Monorosa) were obtained from a Pennsylvania grower. After being hammer milled with an optimal 1.27-cm screen (6), the beet pulp was adjusted to pH 3.0 to inhibit bacterial contamination (W. R. Gibbons and C. A. Westby, Biotechnol. Lett., in press). This low pH did not inhibit the growth of the yeast.
Following pH adjustment, 1-kg amounts of beet pulp were thoroughly inoculated, by hand mixing, with 0.1, 0.5, 1.0, * Corresponding author. At 6-h intervals, fermenting fodder beet pulp was mixed, and samples were withdrawn for analysis. The reducing sugar concentration was determined by the dinitrosalicylic acid method (10) following incubation of 20 g of beet pulp in 80 ml of water with an excess of invertase (48 h at 50°C) (7). The yeast cell population was determined by a plate count method with potato dextrose agar(PDA) and tartaric acid (15) . Bacterial contaminants were determined with PDA without tartaric acid. Ethanol was determined by specific gravity measurements of distilled samples by procedures recommended by the Association of Analytical Chemists (1).
When the inoculum was 0.5 to 20% (wt/wt) of the beet pulp, the maximum population of yeast cells that developed during fermentation remained relatively constant and averaged 1.85 x 108 cells per g (Fig. 1) . Below an inoculum of 0.5%, the maximum yeast population gradually decreased to 9.4 x 107 cells per g at the 0.01% inoculum level. The average variability of yeast populations across replications for all trials was ±1.8 x 107 cells per g.
A high yeast population in the fermenting pulp is advantageous because it allows for shorter fermentation times and higher protein concentrations in the feed by-product (7, 8) . The yeast population level immediately after inoculation was dependent upon the inoculum used and ranged from 1.35 x 104 cells per g at the 0.01% inoculum level to 1.2 x 107 cells per g at the 20% inoculum level.
Bacterial contaminants were not detected in any of the trials, even though the pulp was not pasteurized. This was presumably due to the low pH (3.0) of the pulp prior to inoculation (Gibbons and Westby, in press). In all trials, the pulp pH increased in a curvilinear fashion during fermentation but never exceeded 3.60.
The time to reach the maximum yeast population during fermentation showed a definite, and expected, dependency on inoculum size (Fig. 1) . The shortest time to reach the maximum yeast population was 20 to 22 h at a 0.5% inoculum and above. The average variability between replications was ±1.69 h. Below a 0.5% inoculum, the time to reach the maximum yeast population increased rapidly to 46 to 48 h.
The time to reach the maximum ethanol concentration also responded to inoculum size. In this case the shortest fermentation time, 30 h, occurred at a 5% (wt/wt) inoculum and above. Higher inoculum levels did not reduce fermentation time further. At a 5% inoculum, the initial yeast cell population was 3.8 x 106 to 4.2 x 106 cells per g. The average variability between replications was + 1.75 h. Below a 5% inoculum, fermentation time gradually increased to 53 h at a 0.05% inoculum.
The ethanol yield was independent of inoculum size and averaged 86% of theoretical (Fig. 1) (Fig. 1) . The average variability for all trials was +0.57%. The apparent explanation for this effect was that fewer yeast cells grew at lower inoculum levels ( Fig. 1) 
